Aim: Recently, several randomized controlled trials (RCT) reported the effect of chewing gum on gastrointestinal function after gynecological surgery; however, these results are inconsistent. The aim of this study was to systematically analyze the effect of chewing gum on postoperative gastrointestinal function and complications in women undergoing gynecological surgery. Methods: Pumbed, Embase, Cochrane Library, Web of Science, Chinese Wanfang databases, China National Knowledge Infrastructure and http://clinicaltrials.gov were searched from inceptions to April 30, 2017. Studies including chewing gum's impact on postoperative gastrointestinal function or complications were evaluated. Two authors individually performed data extraction from 10 RCT. Weighted mean difference (WMD) and odds ratio (OR) were used. Results: Contrasting the group of standard postoperative care, the gum chewing group had a lower duration from the end of operation to first aerofluxus (WMD −7.55, 95%CI: −10.99 to −4.12); first intestinal sounds (WMD −6.20, 95%CI: −8.14 to −4.27); first defecation (WMD −12.24, 95%CI: −18.47 to −6.01); hospitalization duration (WMD −0.72. 95%CI −1.19 to −0.25); and lower incidence of nausea (OR 0.45, 95%CI: 0.29 to 0.69), vomiting (OR 0.38, 95%CI: 0.22 to 0.68) and postoperative ileus (OR 0.25, 95%CI: 0.14 to 0.44). Conclusion: Chewing gum is an effective measure to ameliorate gastrointestinal function and decrease complications after gynecological surgery.
Introduction
Benign and malignant tumors of female patients are often treated via gynecological surgery. These tumors often result in secondary complications that can affect the respiratory system, urinary system and gastrointestinal system. Gastrointestinal tract dysfunction is the most common complication, which often leads to postoperative nausea, vomiting, abdominal distension, defecation delay and even intestinal obstruction. Gastrointestinal dysfunction can also cause uncomfortable feelings, increase the duration in hospital and augment the cost of hospitalization. 1 As a result, measures have been investigated to reduce gastrointestinal complications that can occur following gynecological surgery. These measures were early eating, early pulling out of the nasogastric tube after surgery and using drugs such as alvimopan, misoprostol and ketorolac and sham feeding such as chewing gum. [2] [3] [4] [5] Recently, a meta-analysis showed that early chewing gum in patients after colorectal resection can significantly improve bowel function; patients in the chewing gum group had obviously less time to first flatus and first defecation than those receiving standard postoperative care. 6 Craciunas et al. conducted a meta-analysis of 1462 women who received chewing gum after cesarean section. The results suggested that postoperative ileus was less likely to happen in the chewing gum group. 7 However, recently, other randomized controlled trials (RCT) showed contrary results. 3, [8] [9] [10] [11] [12] [13] [14] [15] [16] The aim of our study was to use a metaanalysis to assess the effect and safety of chewing gum on the recovery of gastrointestinal function after gynecological surgery. This meta-analysis aimed to evaluate whether chewing can improve postoperative gastrointestinal function and reduce complications after gynecological surgery. ((((((((((((((((Gynecologic Surgical Procedure) OR Procedure, Gynecologic Surgical) OR Procedures, Gynecologic Surgical) OR Surgery, Gynecological) OR Gynecological Surgery) OR Gynecological Surgery) OR Surgery, Gynecological) OR Surgical Procedures, Gynecologic) OR Gynecological Surgical Procedure) OR Gynecological Surgical Procedures) OR Procedure, Gynecological Surgical) OR Procedures, Gynecological Surgical) OR Surgical Procedure, Gynecological) OR Surgical Procedures, Gynecological) OR Gynecologic Surgery) OR Gynecologic Surgery) OR Surgery, Gynecologic) OR Surgery, Gynecologic) OR Surgical Procedure, Gynecologic))) AND (((((Chewing Gums) OR Gum, Chewing) OR Gums, Chewing)) OR "Chewing Gum" [Mesh] )". Two authors (C. X. and J. P.) independently searched all databases, and when differences arose, the third author participated in the discussion to reach a consensus.
Materials and Methods

Search strategy
Study selection
Two authors independently included and excluded the retrieved literature. We selected research meeting the predesigned inclusive criteria: (i) women received gynecological laparoscopy or laparotomy; (ii) interventions were routine postoperative care plus chewing gum; (iii) comparison was made with routine postoperative care; (iv) outcomes must contain no less than one of the indicators below: first aerofluxus time, first intestinal sounds time,first defecation time, hospitalization duration, vomiting, nausea and postoperative ileus; and (v) RCT.
Research that was excluded from the study included (i) reviews, animal experiments, vitro tests; (ii) not RCT; (iii) cesarean sections; (iv) studies without sufficient outcomes; and (v) the control group was not chewing gum.
Data extraction and quality assessment C. X. and J. P. independently performed data extraction with a predesigned data extraction form. This form included basic information of the data extractors. All the included studies contained the following information: titles, authors, year of publication, countries, languages, sample size, surgery methods, types and usage of chewing gum, outcomes, inclusion criteria and exclusion criteria and the basic characteristics of the patients. The authors also extracted some aspects of the information used to produce the quality assessment. These aspects were described in detail in Section 3.2, Quality Assessment. The quality of the included RCT was assessed with the Cochrane Risk of Bias Tool. 18 Authors evaluated the quality of the included RCT according to the Cochrane Risk of Bias instrument.
Statistical analysis
Statistical analysis was completed via Review Manager version 5.3 (Cochrane, London, UK) and Stata 12.0 (StataCorp, College Station, Texas). Statistics were considered significant when P < 0.05. Heterogeneity between studies was assessed using the Cochrane Q test and I 2 test. 19 To reduce the impact of heterogeneity, all the statistical processes were used in the random effect model. 20 Continuous variables were measured by weighted mean difference (WMD), and categorical variables were measured by odds ratio (OR). In addition, we performed subgroup analysis based on the type of surgery (laparoscopy or laparotomy). When only median (range) data were obtained from the original articles, conversion from median (range) data to mean (SD) followed established guidelines. 21 Sensitivity analyses were performed by excluding different studies to observe whether heterogeneity differed. If not, the effect estimate was robust. Publication bias was assessed using the Begg test, which can quantitatively measure the possible publication bias.
Results
Characteristics of the included studies
The flow diagram (Fig. 1) showed the results of the literature search and the process of literature selection. A total of 82 studies in total were retrieved, 72 of which were excluded, and 10 studies remained. Exclusion of the 72 studies was due to duplication, failing to obtain full text of the published study, not RCT, lacking detailed data and inappropriate interventions and outcome indicators. Ten trials were included and analyzed in this study, comprising 1462 patients. Table 1 shows the basic characteristics of the included RCT. Of the 1462 participants in the study, 719 were included in the chewing gum group, and 743 participants were included in the comparison group. Table 1 also describes the interventions, outcomes and specific surgery methods for the patients. Laparoscopy was performed in two of the included studies performed , 11, 12 and laparotomy surgery was performed in the rest of the included studies. Figure 2 shows the risk of bias measured by the Cochrane Risk of Bias Tool. The Cochrane Risk of Bias Tool assessed the risk of bias of the included studies by seven aspects: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias. Every aspect divided every study into three risk classes: high risk of bias, unclear risk of bias and low risk of bias. Three studies adopted explicit blinding of outcome assessment. Four studies used clear allocation concealment. Because the interventions of chewing gum had some limitations, it seemed difficult to blind patients and researchers.
Quality assessment
Main outcomes
First aerofluxus time
First aerofluxus time was reported in all 10 studies (Fig. 3a) . The chewing gum group had a shorter first aerofluxus time (WMD −7.55, 95% CI: −10.99 to −4.12, P < 0.0001, I 2 = 96%) than the control group. According to subgroup analysis, the chewing gum group had a shorter time to first aerofluxus (WMD −8.62, 95% CI: −12.66 to −4.59, P < 0.0001, I 2 = 95%) among all laparotomy procedures. However, this was not statistically significant for all laparoscopic surgery (WMD −3.46, 95% CI: −7.12 to 0.19, P = 0.06, I 2 = 77%).
First intestinal sounds time
Six studies 3, [12] [13] [14] [15] [16] included the indicator of first intestinal sounds time (Fig. 3b) . Time to first intestinal sounds was shorter in the chewing gum group (WMD −6.20, 95%CI: −8.14 to −4.27, P < 0.00001, I 2 = 92%) than in the comparison group.
First defecation time
Nine studies 3, [8] [9] [10] [11] [12] [14] [15] [16] included the indicator first defecation time (Fig. 3c) . The chewing gum group took less time to first defecation (WMD −12.24, 95% CI: −18.47 to −6.01, P = 0.0001, I 2 = 90%) than the comparison group. According to a subgroup analysis, the chewing gum group still had less time to first defecation (WMD −16.51, 95% CI: −22.27 to −10.75, P < 0.00001, I 2 = 80%) in all laparotomy procedures. However, the difference between time to first defecation between the chewing gum group and the comparison group after laparoscopic surgery was insignificant (WMD −1.27, 95% CI: −5.86 to 3.33, P = 0.59, I 2 = 28%).
Hospitalization duration
Seven studies [8] [9] [10] 12, [14] [15] [16] contributed to the calculation of hospitalization duration (Fig. 3d) . In the chewing gum group, hospitalization duration was shorter (WMD −0.72, 95% CI: −1.19 to −0.25, P = 0.003, I 2 = 90%) than in the control group.
Incidence of complications (nausea, vomiting and postoperative ileus)
Five studies 8,9,14-16 reported nausea (Fig. 3e) , four studies 8, [14] [15] [16] reported vomiting (Fig. 3f) , and six studies 8, 10, 12, [14] [15] [16] reported postoperative ileus (Fig. 3g) . 
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In the chewing gum group, the incidences of complications were significantly lower for nausea (OR 0.45, 95% CI: 0.29-0.69, P = 0.0002, I 2 = 0%), vomiting (OR 0.38, 95% CI: 0.22-0.68, P = 0.001, I 2 = 0%) and postoperative ileus (OR 0.25, 95% CI: 0.14-0.44, P < 0.00001, I 2 = 0%) than for those same complications in the control group.
Sensitivity analysis and publication bias
A sensitivity analysis was completed by removing different included research to observe whether the heterogeneity differed. No significant heterogeneity change was found when one study was removed once from an outcome. The results of the sensitivity analysis demonstrated that the findings of this study were robust. The Begg test by Stata12.0 was adopted to detect any possible publication bias, and no obvious publication bias was found in terms of all outcome indicators (all P > 0.1).
Discussion
The action of chewing gum can be seen as sham feeding, which activates the cephalovagal pathway and promotes a faster recovery of the gastrointestinal tract function after colorectal surgery. 22, 23 Many researchers recommended Enhanced Recovery After Surgery (ERAS) during perioperative period as ERAS enhances bowel motility after surgery with some rehabilitation approaches, such as removing the nasogastric tubes as soon as possible after surgery, early feeding and trying to ambulate at an early time. 24, 25 However, in clinical practice, because many patients cannot tolerate a diet soon after abdominal surgery, few doctors encourage patients to eat early after surgery. As a result, chewing gum, which can be seen as sham feeding, seems to be a better alternative. Chewing gum could effectively trigger gastrointestinal hormone release and enhance intestinal recovery without actually feeding. 26 Additionally, patients readily accept this treatment after abdominal surgery.
The findings of this review suggested that chewing gum can shorten first aerofluxus time, first intestinal sounds time, first defecation time and hospitalization duration and reduce the occurrence of complications (nausea, vomiting, postoperative ileus). Obviously, chewing gum after gynecological surgery can promote gastrointestinal function by activating the cephalovagal pathway to release more gastrointestinal hormones. 27 Strengths of this study include the meta-analysis to quantitatively synthesize the impact of chewing gum on gastrointestinal function after gynecological surgery. Zhu et al. 28 conducted a meta-analysis concerning chewing gum on gut motility after cesarean section in 2013. Six RCT and 939 participants were included in Zhu's study. Our study included 1462 participants, with 719 participants included in the chewing gum group and 743 participants in the comparison group. Furthermore, subgroup analyses were performed according to two different methods of operation (laparotomy or laparoscopy) to exclude the heterogeneity caused by this factor. The main strength of this study was the full review of the literature, which searched seven databases and one website. All included studies were RCT, which minimized the influence of study selection bias.
There were some limitations in our article. First, the number of studies analyzed was relatively small (10 RCT), and subsequent meta-analysis required the inclusion of more RCT. Second, as a high heterogeneity existed between studies, the random effect model was used to replace the fixed effect model to reduce heterogeneity, and a subgroup analysis was performed based on the surgical approach (laparotomy or laparoscopy). 20 Within the two laparoscopy research studies by Heinrich et al. and Gong et al., the statistical difference regarding the first aerofluxus time and first defecation time between the chewing gum group and the comparison group was insignificant. 11, 12 Laparoscopic surgery may be less invasive than laparotomy; therefore, the benefits of chewing gum were not obvious in the patients who underwent laparoscopic surgeries. However, due to the limited amount of data obtained, other causes of heterogeneity, such as the type of chewing gum, the nature of the gynecological tumor (benign or malignant) and racial differences, were not analyzed. Finally, quality assessment was limited. Because the interventions of chewing gum had some limitations, it seemed difficult to blind patients and researchers.
Conclusions
The article comprising 10 RCT suggests that chewing gum after gynecological surgery can effectively reduce first aerofluxus time, first intestinal sounds time, first defecation time, hospitalization duration and the incidence of complications. The use of chewing gum was a pleasant, harmless and cost-efficient measure to ameliorate the gastrointestinal function and decrease complications after gynecological surgery, and chewing gum can be a routine measure of postoperative care.
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